placed directly on the annulus (8). After completion of the sewing, the prosthesis is lowered into the supra annular position. Sutures are tied sequentially and then cut individually. Leaflet movement is assessed by a special soft-tipped instrument to ensure that no structures above or below the valve interfere with free movement of leaflet. The sub-annular region is inspected to eliminate any hypertrophy of muscle (9, 10) .
Numerous suturing techniques are utilized for the implantation of the supra annular valve, such as interrupted non-everting mattress pledgetted suture (the most popular one), interrupted non-everting mattress suture, figure of eight suture, simple interrupted suture, interrupted everting mattress pledgetted suture, interrupted everting mattress suture and continuous suture, depending on the surgeon's preference and individual patient anatomy. Both intrasupra annular valve and complete supra annular valve can share these suturing techniques. Their difference, which doesn't exist in the method of suturing, lies in the position of the prosthesis. For the intra-supra annular valve, the sewing ring of the valve is raised above the tissue annulus while the stent remains intra-annular. However, for the complete supra annular valve, both of the sewing ring and stent are placed in a complete supra annular position, providing a valve orifice that can be theoretically the same size with the patient's tissue annulus (11) .
Currently, the St Jude Medical HP (Hemodynamic Plus) series valve (12) , the St. Jude Medical Regent mechanical aortic valve, the MCRI On-X valve (Medical Carbon Research Institute, Tex) are commonly used as the intra-supra annular valves while the Medtronic Advantage Supra valve, the CarboMedics Top Hat valve are complete supra annular valves. Various aspects of the valve performance are compared in literature while conflicts exist principally in the field of hemodynamic results. Some studies suggest that the intra-supra annular valve is better, whereas others do not.
Aortic valve disease is frequently associated with an aortic annulus which is smaller that normal size (1). This problem might drive cardiac surgeons to enlarge the annulus or to implant a small prosthesis (2). The former strategy might complicate an operation (3) and increase the operative mortality compared with that of standard aortic valve replacement (4) while the latter, might lead to unsatisfactory pressure gradients across the prosthesis (5), with consequence of incomplete left ventricular hypertrophy regression (6, 7). To solve this problem, initially, manufacturers raised the sewing ring of valve above the tissue annulus while at the same time retaining an intra-annular stent, reducing relatively a blood flow obstruction. This is the origin of intra-supra annular valve. To further improve the hemodynamic performance, manufacturers constructed complete supra annular valves in which the complete housing is placed above the tissue annulus. Neither stent nor sewing ring material impaired the physiological blood stream flow ( Fig. 1 ).
During operation, the calcified aortic valve is removed by sharp dissection using a scissors. Valve sizing is determined by using a neutral sizer (Hegar dilator) and then an appropriate valve sizer provided by the manufacturer. When sizing, adequate coronary ostia clearance around or above the sizer should be assessed to prevent interference with coronary blood flow. Interrupted, double armed, pledget-reinforced, non-everting mattress sutures are placed infra-annularly, exiting slightly above the annulus. The direction of the stitches enables the valve prosthesis to be former and on the patient's tissue annular diameter in the latter.
Interestingly, contrary results present when the data in the study of Chambers J (13) is regrouped by the theoretic tissue annulus diameter. The Carbo- These measures are taken from Guenzinger R and colleagues (15) . TAD = tissue annulus diameter; MPG = mean pressure gradient; SV = stroke volume; EOAI = effective orifice area index. Advantage = Medtronic Advantage Supra valve; Regent = St Jude Medical Regent mechanical valve. Values are mean ± SD. In the first randomized comparison of the Carbo-Medics Top Hat valve and MCRI On-X valve, Chambers J (13) demonstrated that the CarboMedics Top Hat valve was relatively more obstructive than the MCRI On-X valves with a peak velocity of 2.39 m/s versus 1.94 m/s (P < .0001), a mean pressure drop of 12.2 mm Hg versus 6.9 mm Hg (P < .0001) and an effective orifice area of 1.41 cm 2 versus 2.17 cm 2 (P < .0001).
Similar conclusion was draw by Bottio T and associates (14) in their in vitro study with an artificial tissue annulus modeled with machined polypropylene blocks (Fig. 2) . They compared 5 bileaflet mechanical valves. Results exhibited that the intra-supra annular valve (the SJM Regent valve and the MCRI On-X valve) is hemodynamically superior to the complete supra annular valve (the Carbomedics Top Hat valve) in aspects of transprosthetic mean and peak gradients, effective orifice area, geometric orifice area.
Guenzinger R and colleagues (15) compared the Medtronic Advantage Supra valve and St Jude Medical Regent mechanical valve. Results showed that no significant difference existed between the two types of valves in the mean pressure gradient, stroke volume, effective orifice area (Table 1 ). Their conclusion was that there is no additional benefit related to the complete supra annular valve positioning.
These present findings (Fig. 3) leave open questions for further investigation. In fact, the comparison of hydrodynamic performances of prostheses from different manufacturers is somehow misleading because the differences in reporting nominal valve size are not uniform and standardized across manufacturers so that not all valves of the same nominal size fit in the same size hole (Table 2) . Table 2 displays nominal size, theoretic tissue annulus diameter (TTAD) from models in vitro (Fig. 2) , internal orifice diameter (IOD), geometric orifice area (GOD). For a given nominal size, differences in TTAD, IOD and GOA vary from 3 mm to 5 mm, 2.7 mm to 2.9 mm and 62 mm 2 to 89 mm 2 , respectively. There are wide differences among the prostheses with the same nominal size, which means that hemodynamic comparisons can not reliably be made by assuming that nominal sizes are similar. This also contributes to the explanation of the different results in the study of Chambers J (13) and Guenzinger R (15), where the grouping of data is based on the manufacture's labeled size in the Medics Top Hat valve labeled 23 and the MCRI On-X valve labeled 19 are selected because they can fit into the artificial annulus (Fig. 2) modeled by machined polypropylene blocks (16) with the diameters of 19.5mm and 20mm. For the same reason, the Carbo-Medics Top Hat valve labeled 25 and the MCRI On-X valve labeled 21 are chosen because they can fit into the artificial annulus with very similar diameters (21.5 mm and 22.5 mm, respectively). Results show in table 3. From the aspect of peak velocity, mean pressure difference and effective orifice area, all dif- These measures are taken from Chambers and colleagues (16) . TTAD = theoretic tissue annulus diameter; IOD = internal orifice diameter; GOA = geometric orifice are; TH = CarboMedics Top Hat valve; HP = St Jude Medical HP valve; On-X = MCRI On-X valve These measures are taken from Chambers and colleagues (13, 16) . Values are mean ± SD. ferences are not statistically significant (P = 0.652, 0.258, 0.864, respectively) ( Table 3 ). This result proves that no statistically significant difference exists in the hemodynamic performance of the two types of valve when data is regrouped by the theoretic tissue annulus diameter. It also proves in a contrary way that the nominal size from different manufactures may be seriously misleading.
However, the disadvantage of hemodynamic comparison on the basis of the artificial annulus diameter appears when the studies of Bottio T (14) and Chambers J (13) are compared. Although the Top Hat valve labeled 23 and the MCRI On-X valve labeled 19 can almost fit into the same artificial annulus (a diameter of 19.5mm and 20 mm, respectively), they can not fit into the same 21-mm valve holder which imitates the aortic root because the ESRD (Fig. 1) is 27.5 mm (14) for the Top Hat labeled 23 and only 22 mm (13) for the On-X labeled 19. This explains why Bottio T and colleagues (14) had to choose a Top Hat labeled 21, instead of 23, in their in vitro study. Their conclusion, that the complete supra annular valve is hemodynamiclly inferior to the intra-supra annular valve, should be understood as a proof that the grouping of data should be strictly based on the tissue annular diameter, provided that the prostheses are able to fit into the aortic root. The result also indicates that factors like aortic root size should be incorporated because it might force the surgeons to downsize the prostheses for achieving an anatomically suitable placement, even though this could leads to a worse hemodynamic result. Additionally, in clinically practice, another factor which should be considered is the distance between the profile of the prosthesis and the coronary ostium, especially in the situation where there is some hypoplasia of the aortic root, the high profile of a complete supra annular prosthesis may block the coronary artery perfusion (17) . For these cases, an intra-supra annular mechanical valve is preferred.
In summary, hemodynamic comparison between complete supra annular mechanical valve and intrasupra annular mechanical valve should be based on patient's tissue annular diameter. Neither valve demonstrates a clear advantage in hemodynamic performance when the grouping of data is based on the patient's tissue annular diameter. In the future, the hydrodynamic evaluation model (18) in vitro should take the anatomy of aortic root into consideration.
